We have performed numerical analyses to investigate the propagation characteristics of a simple-one dimensional metallic-dielectric structure. Several different metals have been studied (aluminum, gold, copper, and silver 
Introduction
Photonic crystals (PCs) with a periodic arrangement of dielectric or metallic elements in one, two or three dimensions affect the properties of photons in the same way as a periodic potential affects the properties of electrons in semiconductor crystals. (PCs) are structures with periodically modulated dielectric constants whose distribution follows a periodicity of the order of a fraction of the optical wavelength. Photonic crystals or photonic band gap materials (PBG) are a new class of optical materials which have the properties to manipulate the flow of electromagnetic waves within it. Researchers have proposed many new applications of photonic devices which may revolutionize the field of photonics in much the same way as semiconductors revolutionized electronics. They can generate spectral regions named photonic band gaps (PBGs) where light cannot propagate in a manner analogous to the formation of electronic band gaps in semiconductors [1, 2] . There are several studies of metallic [3] [4] [5] [6] [7] and superconducting photonic crystals [8] [9] [10] [11] which are mostly concentrated at microwave, millimeterwave, and far-infrared frequencies. In those frequencies, metals act like nearly perfect reflectors with no significant absorption problems.
In the recent years there are many authors using a composite structure which is composed of (metal/dielectric) structure instead of (dielectric/dielectric) structure, since the metallic-dielectric photonic crystals (MDPCs) can be useful for a large number of applications and also will open the door to new optical devices that depend mainly on the optical properties of the metal.
There are certain advantages to introducing 1D MDPCs. These include reduced size and weight, easier fabrication methods, and lower costs. Here, we use the transfer matrix method to study the effect of absorption of metal at the near-infrared and visible frequencies. In particular, we study a simple-one dimensional metallic-dielectric structure. Silver, Gold, Copper, and Aluminum have been used in order to study the effect of different metals on optical properties.
Theoretical Analysis
In order to study the electromagnetic waves propagating through photonic crystal structures and determine the optical properties of these periodic structures. We will explain in brief a mathematical treatment with a simple one dimensional photonic crystal structure (1DPC) (see Figure 1) which is composed of two materials with thicknesses ( 1 and 2 ) and refractive indices ( 1 and 2 ) respectively. The analysis of the incident electromagnetic radiation on this structure will be performed using the transfer matrix method (TMM).
We will produce TMM in the form of the dynamical and the propagating matrices which had been used to describe the wave interaction through each layer and the wave response at the interfaces between these layers [12] . Our analysis will be start considering that, the electro- 
The electric field of a general plane-wave solution can be written as , where
 is the z-component of the wave vector;
 is the angle of the incident ray in each layer and c is the speed of light then the electric field distribution can be written as: 
where is the x-component of the wave vector, , and we will now obtain the general case for N period. The amplitudes of the plane waves at different layers can be related by
with . 0,1, 2, 2 m N   where matrices D (dynamical matrix) and P(propagation matrix) can be written as:
Since the propagation matrix can be written in the form of sine and cosine functions instead of the exponential function for simplifying
The relation between the amplitudes of the plane wave can be written as
where  , M a is the matrix for one period without the effect of the vacuum and substrate, whose elements m 11 , m 12 , m 21 and m 22 was computed for TE-waves, which can be obtained also for TM-waves using the same analysis, and 
We can write the matrix of N periods in the form [12] :
Since, 11 12 1 0 21 22 
where N , is Chebyshev polynomials of the second kind. Then by using the above expressions we can obtain the reflection and the transmission coefficients as:-
Finally we can calculate the transmittance and the reflectance using the following expressions: 
This gives us the final form of the transmission and reflection coefficients for the incident electromagnetic waves inside this 1D-binary periodic structure as a function of the dynamical and the propagating matrices depending on the numerical solution of Maxwell's using the TMM.
Results and Discussions
The periodicity of the permittivity plays the same role for the photons that propagate inside the structure than the atomic potential for the electrons. Leading further this analogy, the thicknesses and the index contrast of the photonic crystal determinate many of its optical properties as it does for conduction properties of semiconductors. We have used for our simulation Essential Macleod software. The Essential Macleod is a comprehensive software package for the design, analysis, manufacture and trouble shooting of thin film optical coatings. The program has a true multiple document interfaces. It can handle coatings from rugates to ultrafast, from singlelayer antireflection coatings to demanding color separation beamsplitters, providing all that is necessary for their design, analysis, production planning and even reverse engineering of a failed production attempt. A wide range of performance parameters, from straightforward transmittance and reflectance to color coordinates in different color spaces, is built into the software. It can synthesize designs from scratch or refine existing ones, investigate errors and extract optical constants of film materials for use in designs.
We can obtain the range of frequencies for which the kind of light cannot propagate inside the materials and the others can propagate. By reducing the size of the elementary cell of the periodic lattice, the frequencies can shift to higher values. The consequence of this property is the possibility to transpose a photonic crystal design from the microwave domain to infrared or visible range. In our results we have studied one dimensional metallic (different metals) dielectric (SiO 2 ) photonic crystals (M-DPC's). For our calculations we have used the thickness of the dielectric (SiO 2 ) layer is 344 nm, the thickness layer of metal is 5nm, the incidence of angle is 35˚ and the number of periods 10 for all our results.
In the case of Ag-SiO 2 (see Figure 2) we can see the magnitude of transmittance near the unity with visible light and there is a small photonic band gap (PBG) appeared within NIR (750 -930 nm). The magnitude of transmittance in the case of Au-SiO 2 (Figure 3) is less than 10% around 400 nm and increased to ~70 % within 550 -700 nm and then we obtained the second and large PBG in the range 775 -925 nm. In Figure 4 , the magnitude of transmittance in the case of Cu-SiO 2 is go downing around 60% within the range of visible light (400 -700) and we obtained the same PBG between 775 -925 nm.
In Figure 5 , we have examined Al-SiO 2 with the same conditions and we found Aluminum that gives the lowest possible transmittance within the visible and near IR frequencies with the complete PBG between 600-900nm. The significance of the magnitude of incident angles also is obtained in Figure 6 with θ = 25˚, 30˚, 35˚ and 40˚. The behavior of incident angle has different influences on the forbidden bands of TE and TM modes. This work will be a useful reference when designing and producing some apparatus such as, optical filter, eyes-protecting to laser and heat-absorbing window. near-infrared wavelengths with the transfer matrix method. We focused on the transmittance of these structures, thus we studied the simple 1D structure. We expect that our conclusions regarding the transmittance will hold to any other metallic structures. By comparing the results for different metals, we found that copper gives the lowest possible transmittance within the visible frequencies. Silver gives slightly higher transmittance within the visible with small PBG near IR. Gold gives low possible transmittance within short visible and going to near 70% between 550 -700 nm with small PBG within 750 -850 nm. Aluminum is very lossy and is not recommended for optical photonic crystals. Silver and gold are acceptable although slightly lower in performance. We also found our results are very sensitive to the thickness of layers as well as PBG is sensitive to the kind of polarizations. This work will be a useful reference when designing and producing some apparatus such as, eyes-protecting to laser and heat-absorbing window.
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